losses due to denitrification and ammonia volatilization, that are not considered in the 23 compartmental model. This comparison was made using data from a three-year experiment in a 24 citrus orchard with two nitrogen fertilization rates. After calibration using the first year data, a 25 reasonable match between simulated and measured values in both models was observed for soil 26 water storage in the whole profile for the validation period (2 nd and 3 rd year), but the agreement 27 was not so good for the soil mineral nitrogen content. In spite of the differences in the nature 28 and in the complexity of the two models, the soil water dynamics and drainage were well 29 simulated during the whole period by both models. However, the LEACHN model predicted 
27
Different studies dealing with nitrate leaching in citrus have quantified the losses of nitrate for 28 different fertilization practices (Lamb et al., 1999; Paramasivam et al., 2001; Ramos et al., 29 2002 ). These studies show that for nitrogen application rates up to 400 kg N ha -1 year -1 , nitrate 30 leaching rate was, in most cases, less than 100 kg N ha -1 year -1 . In general, nitrate leaching 31 losses increased with fertilizer nitrogen application rate and the amount of water drained, and 32 accounted for up to 33% of the total applied nitrogen. Although in different agricultural systems 33 there seems to be a direct relationship between nitrogen inputs and the increasing concentration 34 of nitrate in groundwater (Babiker et al., 2004; Bouwer, 1990; Canter, 1996) , nitrogen transport is difficult to measure, since it is affected not only by water flow but also by all the N 1 transformations that take place in soil (mineralization, immobilization, denitrification, plant 2 uptake, etc.).
3
To attain higher nitrogen use efficiency, it is necessary to improve both nitrogen fertilization 4 and irrigation management. Computer simulation models can help in this improvement because 5 they integrate the different processes affecting the nitrogen dynamics in the soil-plant system.
6
Some nitrogen models in the soil-plant system are LEACHM (Wagenet and Hutson, 1989) , 7 SOILN (Hoffmann and Johnsson, 1999) , STICS (Brisson et al., 1998) and WAVE (Vanclooster 8 et al., 1996) . These models, after calibration, allow the estimation of nitrate leaching, soil 9 mineral nitrogen and water content for different crops under different conditions of irrigation, 10 rainfall and fertilization, being an inexpensive and rapid technique to evaluate the effects of 11 various agricultural management practices on nitrate leaching (Cannavo et al., 2008; Kersebaum 12 et al., 2007) .
13
The LEACHM model has been widely used and validated for several annual crops (Jabro et al., 14 1995; Webb and Liburne, 1999) . However, it has hardly been used with perennial plants.
15 Harrison et al. (1999) 
19
In this paper it is assumed that a simpler model capable to obtain good predictions of water and 20 soil nitrogen dynamics in citrus orchards, would be more appealing for advisory purposes. From 21 a practical point of view, the main problem of using simulation models such as LEACHM is 22 that many experimental data are needed for their calibration (Jung et al., 2010) 
31
The two main goals of this study were (1) to adapt the LEACHN and the compartmental models 32 to be used on citrus orchards, and (2) to calibrate them and assess their performance using data 33 from a 3-year experiment with two N fertilization treatments. 
23
To apply LEACHN to citrus orchards, the nitrogen plant uptake module had to be modified 24 since, in its original form, LEACHN only considers N uptake in annual crops. The model 25 requires the potential annual N uptake by the crop, but since it calculates this uptake on a daily 26 basis, it is necessary to obtain the potential daily values. These were estimated based on the 27 seasonal uptake pattern measured by Legaz and Primo (1988 were followed. Minimum soil water content was initially set equal to a typical water content 5 value measured in the soil profile just before irrigation. The maximum soil water storage held 6 against gravity was taken as the average soil water content measured 3-5 days after irrigation.
7
The initial maximum soil water storage estimate was taken as the water content at saturation in 8 the first 50 cm, plus 5 cm to account for the possibility of water ponding due to ridges in the 9 irrigation basins. All these values were then adjusted to improve the fit between predicted and 10 measured soil water content in each layer and drainage, using data measured in periods with 11 large soil water changes during first year. Initial values of root distribution before calibration 12 followed the distribution used in different studies, but the root distribution was slightly modified 13 from that used in the LEACHN model to better fit the experimental data. Other parameters used 14 in the compartmental model and not subject to calibration are listed in Table 5 .
15
To find the most influential parameters of nitrogen dynamics determining the soil mineral 
6
After calibration, simulated and measured soil water storage values for the three soil layers 7
were, in general, close in both models ( 
34
For the soil mineral nitrogen content (Table 7 and Fig. 2 ), although RRMSE showed that the agreement between measured and simulated data was not as good as for soil water content, the 1 AI indicated that the agreement for the whole profile was good and similar for both models. The values was worse than for water, and slightly better for the N2 treatment (Table 7) , probably 20 because calibration used N2 treatment data. Fig. 3 shows the measured and simulated soil water 21 storage and cumulative drainage at 80 cm for both models in the whole period. In this case,
22
there are no differences between N treatments because the water input was the same in both 23 treatments. It can be seen that both models fit the data well in the first year of the validation 24 period, but that in the last year the LEACHN model underestimates drainage.
25
A comparison of the measured and simulated soil water balance components values is presented 26 in indicating that irrigation applied by the farmer was lower than required (221 -413 mm as 13 compared to 450 -520 mm that is considered normal in this period (Castel et al., 1987) ). These 
18
For the validation period both models reproduced relatively well the measured values of soil 19 mineral nitrogen content in both N treatments, although a slight underestimation was observed 20 in the N1 treatment (Fig. 4) . The errors associated with both models (RRMSE) for the N1 and 21 N2 treatments were similar, but the agreement indices for N1 were lower than for N2 (Table 7) .
22
The main components of the N budget for the two N treatments are given in Table 9 . Simulated supported by results in the compartmental model, which simulated only a 0.6% reduction in the 7 initial content of soil organic nitrogen over three years, whereas the LEACHN model simulated 8 this reduction was of 1.5%, indicating that to achieve equilibrium in soil N humus content, it 9 would be necessary to increase the fraction of litter that is transformed into humus. 
17
Measured nitrate leaching represented about 30% of the total nitrogen input in both N 18 treatments for the whole period. Since both treatments had the same drainage, because the water 19 input was the same for both N treatments, the leaching differences observed reflect the different 20 nitrogen input in each treatment (Fig. 4) availability and the N uptake, that can be lower than the potential uptake and, therefore, limit 10 yield and growth.
11 Table 10 shows the scenarios considered, in which irrigation rate, N fertilizer rate, the chemical 
The results show that the variation in the irrigation rate (± 10%) produced changes in drainage 18 and therefore in nitrate leaching (Fig. 5) . Increasing irrigation causes increased nitrate leaching 19 (9%), whereas reducing irrigation decreased it by 6-8% without affecting N plant uptake.
20
The decrease in the N fertilizer rate affected different outputs of nitrogen balance. A reduction 21 of 10% in N rate produced a similar reduction of nitrate leaching, in both models (Fig. 5, Sc3 (Fig. 5, Sc7 ), while N plant uptake was barely affected.
28
The combined effect of the reduction in irrigation and nitrogen rates resulted in an important 29 nitrate leaching reduction of 17 -25% ( Table 8 2 Water balance components measured and simulated (mm). Table 10 1 Different scenarios evaluated with LEACHN and compartmental model in a three year period. irrigation management scenarios assessed (see Table 10 ). 5 6 7
Measured

Scenario
